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(54) Micromachine, liquid fet recording head using such micromachine, and liquid Jet recording 
apparatus having such liquid Jet recording head mounted thereon 

(57) A micromachine comprises at least one heat 
generating unit arranged on the surface of a substrate, 
means for retaining liquid having a liquid retaining por- 
tion along the heat generating unit, a rotator rotativeiy 
supported in the liquid retaining portion of means for 
retaining liquid. This rotator is structured to rotate by 
means of the boiling of liquid in the liquid retaining por- 
tion by heat generated by the heat generating unit. The 
micromachine, such a micropump or a micromotor, is 
incorporated in a liquid jet recording head to cause 
recording liquid to flow compuisorily in order to remove 
accumulated bubbles in the liquid paths for the mainte- 
nance of good performance of the liquid jet recording 
head at all times. 
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Descripti n 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a micromachine, 
such as a micropump and a micromotor, having a rota- 
tor whose outer diameter Is several urn to several mm, 
and a liquid jet recording head using such microma- 
chine, and a liquid jet recording apparatus having such 
liquid jet recording head mounted on it 

Related B ackground Art 

In general, a liquid jet recording apparatus called a 
bubble jet printer needs a maintenance for recovering 
the discharge performance by removing bubbles accu- 
mulated in nozzles during its printing operation by carry- 
ing out a periodical suction that exerts negative 
pressure on the nozzles (liquid paths) of the liquid jet 
r cording head. 

Therefore, it is necessary to provide a pump to suck 
ink (recording liquid) from the common liquid chamber 
of the liquid jet recording head. Also, it is necessary to 
mount a tank and an ink absorbent or the like on the liq- 
uid jet recording head in order to prevent ink from flow- 
ing backward into the nozzles when the suction 
recovery is executed. As a result a liquid jet recording 
head tends to be made larger in size, and higher in 
costs. 

Fig. 26 is a partly broken perspective view which 
shows the principal part of a liquid jet recording head E 0 
in accordance with one conventional example. This 
head comprises a heater board 1000 having heat gen- 
erating units 1001a arranged on a straight line, lead 
electrodes 1001b connected therewith, and others; a 
resin layer 1010 laminated on the surface of the heater 
board; and a ceiling plate 1020 to cover the top of the 
resin layer 1010. The resin layer 1010 forms nozzles 
101 1 facing each of the heat generating units 1001a on 
the heater board 1000, respectively, and a common liq- 
uid chamber 1012 conductively connected with these 
nozzles. Also, to an aperture 1020a on the ceiling plate 
1020, an ink supply tube 1021 is coupled for supplying 
ink to the common liquid chamber 1012. 

When electric current is supplied to the heat gener- 
ating units 1001a by means of a driving circuit (not 
shown) through the lead electrodes 1001b, ink in each 
of the nozzles 101 1 is heated to create film boiling so as 
to transform ink into flying droplets, which are dis- 
charged from each of the nozzles 101 1 for printing. 

When a printing of the kind is repeated, bubbles are 
accumulated in the nozzles 1011. As a result, the inte- 
rior of each nozzle 1011 is caused to present such a 
condition that the sufficient ink supply is no longer pos- 
sible, and that some of the nozzles are disabled to dis- 
charge ink. This condition brings about defective prints 
in some cases. 
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Therefore, as described earlier, there is a need for 
such a maintenance as to exert negative pressure peri- 
odically on ink in the nozzles 1 01 1 by means of suction 
in order to remove the accumulated bubbles. Here, it is 

5 generally practiced to provide a suction pump sepa- 
rately for operating this maintenance. 

However, in accordance with the conventional tech- 
nique described above, the pump, which is separately 
provided for exerting negative pressure in order to suck 

10 the nozzles of the liquid jet recording head, should be 
connected with the ink supply tube on the ceiling plate 
as required for carrying out such maintenance. 

Therefore, while the apparatus is made more com- 
plicated, this operation invites increased running costs 

is inevitably. In addition, it becomes necessary to mount 
an ink absorbent on the apparatus to dispose of the 
waste ink sucked by the application of negative pres- 
sure. This creates a problem that the size of an appara- 
tus should become larger after all. 

20 Now, therefore, it is desired to develop a liquid jet 
recording head in which a small suction pump is incor- 
porated. However, a diaphragmed or geared quantita- 
tive injection pump or a smaller minute quantitative 
pump of borrow type or tube type, which is currently 

55 available on the market, is 100 to 200 mm by its outer 
dimensions (length, width, and height) even for the 
pumps in smaller size. Also, an external power supply is 
needed as its power source. If these should be ail 
mounted on a liquid jet recording head, it is inevitable 

30 that the liquid jet recording head becomes larger, and 
that its assembling process becomes extremely compli- 
cated. 

in this respect, therefore, not only for the liquid jet 
recording head of a liquid jet recording apparatus, but 

35 also, for other OAT equipment, various kinds of medical 
equipment, biotechnological equipment, or the like, a 
micropump that can control a liquid amount of less than 
1/100 gram unit, a micromotor that can drive ultra fine 
components assembled on a substrate, or some other 

40 micromachines have increasingly been in demand in 
recent years. 

Meanwhile, the development of multiple nozzles 
has advanced to the stage where implementation of a 
higher printing is possible. As a result, the common liq- 

45 uid chamber of the liquid j et recording head has become 
larger. There is a tendency, therefore, that the amount of 
ink to be retained in the common liquid chamber 
increases accordingly. However, if the amount of ink in 
the common liquid chamber should increase, the tem- 

so perature, viscosity, and other factors related to ink 
should become uneven, thus creating a problem that 
invites the degradation of printing quality inevitably, 
such as uneven density of prints. 

55 SUMMARY OF THE INVENTION , 

The present invention is designed in consideration 
of these problems of the conventional technique 
described above. It is an objects of the invention to pro- 
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vide an extremely small micromachine whose compo- 
nents can be manufactured at low costs and easily 
assembled, and to provide a liquid jet recording head 
using such micromachine, and a liquid jet recording 
apparatus having such liquid jet recording head 
mounted on it. 

It is another object of the invention to provide a liq- 
uid jet recording head comprising at least one heat gen- 
erating unit arranged on the surface of a substrate; 
means for retaining liquid provided with a liquid retaining 
portion along each heat generating unit; and a rotator 
relatively supported in the liquid retaining portion of 
means for retaining liquid, this rotator being structured 
to rotate by means of the boiling of liquid in the liquid 
retaining portion as heat is generated by each of the 
heat generating units. 

It is still another object of the invention to provide a 
liquid jet recording head comprising a substrate having 
a plurality of heat generating units for use of droplet dis- 
charge; means for constituting liquid paths having a 
common liquid chamber conductively connected to the 
liquid paths along each of the heat generating units on 
the substrate; and at least one micropump for causing 
recording liquid in the common liquid chamber of means 
for constituting liquid paths to flow compulsorily. Here, 
the micropump is provided with a second heat generat- 
ing unit arranged on a given location on the substrate, 
and a rotator capable of rotating by means of the boiling 
of recording liquid as heat is generated by the heat gen- 
erating units. 

The liquid in the liquid retaining portion is boiled by 
means of the heat generation of the heat generating 
units on the substrate. The bubbles thus created are 
received by the vanes or the like of the rotator to cause 
it to rotate. Hence, the liquid in the liquid retaining por- 
tion flows compulsorily when negative pressure is 
exerted by the rotation of the rotator. In this way, this 
structure is made to function as a micropump capable of 
agitating liquid in the liquid retaining portion, and also, to 
supply or exhaust the liquid to or from the liquid retain- 
ing portion. 

The heat generating unit on the substrate is pro- 
duced easily in the same manufacturing steps as those 
steps of producing the electrothermal transducing ele- 
ments of a liquid jet recording head. Then, a rotator hav- 
ing spiral vanes attached thereto is just fitted on the 
liquid retaining portion of means for retaining liquid. 
Therefore, the assembling steps are extremely simple, 
and also, there is no fear that the apparatus should be 
made much larger as a whole. 

Further, the rotator itself can be formed by an injec- 
tion molding using plastic material. Here, by combining 
a laser processing with this, it is possible to manufacture 
an extremely small rotator at low costs. 

With a micropump of the kind incorporated in a liq- 
uid jet recording head, it is possible to circulate record- 
ing liquid compulsorily, and to maintain a good 
discharge performance of recording liquid at all times. 

If only the number of the vanes of a rotator and the 



number of the heat generating units are in the prime 
relationship without having any factors each other, the 
rotational torque is exerted more regularly on each of 
the vanes so as to stabilize the rotation of the rotator. 

5 The liquid in the liquid retaining portion is boiled by 
means of the heat generation of the heat generating unit 
on the substrate. The bubbles thus created are received 
by the vanes of a first rotator to cause it to rotate, and 
then, a second rotator coaxially arranged therewith is 

10 driven to rotate. By the rotation of the second rotator, liq- 
uid on the circumference thereof is caused to flow com- 
pulsorily in order to supply, exhaust, and agitate such 
liquid. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a partly broken perspective view which 
shows a micropump in a partly broken state in accord- 
ance with one embodiment of the present invention. 

20 Fig. 2 is a cross-sectional view which schematically 
shows the inner structure of a substrate in accordance 
with one embodiment of the present invention. 

Fig. 3 is an upper surface view which shows a heat 
generating unit and the wiring connected therewith in 

25 accordance with one embodiment of the present inven- 
tion. 

Fig. 4 is a circuit diagram which shows the electric 
circuit of the heat generating unit in accordance with 
one embodiment of the present invention. 

30 Figs. 5A and 5B show the rotators of an apparatus 
in accordance with one embodiment of the present 
invention: Fig. 5A is the plan view thereof, and Fig. 5B is 
the elevation thereof. 

Figs. 6A to 6D are cross-sectional views which illus- 

35 trate the principle of rotation with respect to the rotator 
of an apparatus in accordance with one embodiment of 
the present invention. 

Fig. 7 is a partly broken perspective view which 
shows a micromotor in a partly broken state in accord- 

40 ance with another embodiment of the present invention. 
Fig. 8 Is a partly broken perspective view showing 
the principal part of a liquid jet recording head in a partly 
broken state, which uses a micropump in accordance 
with one embodiment of the present invention. 

45 Fig. 9 is a partly broken perspective view which 
shows a micropump in a partly broken state in accord- 
ance with still another embodiment of the present inven- 
tion. 

Fig. 1 0 is an upper surface view which shows the 
so wiring connected with heat generating units in accord- 
ance with still another embodiment of the present inven- 
tion. 

Fig. 11 is a circuit diagram which shows the electric 
circuit of the heat generating unit in accordance with still 
55 another embodiment of the present invention. 

Figs. 12A and 12B show the rotators of an appara- 
tus in accordance with still another embodiment of the 
invention: Rg. 12A is the plan view thereof and Fig. 1 2B 
is the elevation thereof. 
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Figs. 13A to 13D are cross-suctional views which 
illustrate the principle of rotation with respect to the rota- 
tor of an apparatus in accordance with still another 
embodiment of the present invention. 

Fig. 14 is a partly broken perspective view which s 
shows a micromotor in a partly broken state in accord- 
ance with still another embodiment of the present inven- 
tion. 

Fig. 15 is a partly broken perspective view which 
shows the principle part of the liquid jet recording head 10 
using a micropump in accordance with still another 
embodiment of the present invention. 

Fig. 16 is a partly broken perspective view which 
shows a micropump in a partly broken state in accord- 
ance with still another embodiment of the present inven- is 
tion. 

Fig. 17 is a cross-sectional view schematically 
showing the principal part of an apparatus in accord- 
ance with still another embodiment of the present inven- 
tion. 20 

Fig. 18 is an upper surface view which shows the 
wiring connected with the heat generating units of an 
apparatus in accordance with still another embodiment 
of the present invention. 

Fig. 1 9 is a circuit diagram which shows the electric 25 
circuit of the heat generating unit of an apparatus in 
accordance with still another embodiment of the present 
invention. 

Fig. 20 is a partly broken perspective view which 
shows the principal part of a liquid jet recording head in 30 
a partly broken state, which uses a micropump in 
accordance with still another embodiment of the present 
invention. 

Fig. 21 is a partly broken perspective view which 
shows the liquid jet recording head cartridge in an 35 
exploded state, which uses a liquid jet recording head in 
accordance with each of the embodiments of the 
present invention. 

Fig. 22 is a perspective view which shows the liquid 
jet recording head cartridge in an assembled state, 40 
which uses a liquid jet recording head in accordance 
with each of the embodiments of the present invention. 

Fig. 23 is a perspective view which shows a liquid 
jet recording apparatus as a whole. 

Fig. 24 is a perspective view which schematically 45 
shows a full line type liquid jet recording head. 

Fig. 25 is a perspective view which schematically 
shows a liquid jet recording apparatus having a liquid jet 
recording head mounted on it. 

Fig. 26 is a partly broken perspective view which so 
shows the principal part of a liquid jet recording head in 
a partly broken state in accordance with a conventional 
example. 

DETAILED DESCRIPTION OF THE PREFFRRFH 5S 
EMBODIMENTS 

Hereinafter, with reference to the accompanying 
drawings, the description will be made of the embodi- 



ments in accordance with the present invention. 

Fig. 1 is a perspective view showing a micropump 
in a partly broken state in accordance with a first 
embodiment of the present invention. The micropump 
E t comprises a substrate 1 having three heat generat- 
ing units 1a to 1c (the heat generating unit 1c being 
shown in Fig. 3 and Fig. 4) arranged at equal intervals 
around a given axis 0; a ceiling plate 2 bonded on the 
surface thereof, serving as means for retaining liquid; 
and a rotator rotatively fitted into a cylindrical pump 
chamber 2a, serving as a liquid retaining portion formed 
on the bottom of the ceiling plate 2. The ceiling plate 2 
is shown in a state that almost a half thereof is broken 
away. 

At the bottom of the ceiling plate 2, a suction port 2b 
is arranged to be conductively connected with the pump 
chamber 2a. Also, the upper end of the pump chamber 
2a is open to an exhaust outlet 2c that penetrates the 
ceiling plate 2 upwardly in Fig. 1. When the rotator 3 
rotates counterclockwise, Gquid is sucked in through the 
suction port 2b and exhausted through the exhaust out- 
let 2c. 

Each of the heat generating units 1a to 1c on the 
substrate 1 is connected to each of the separated termi- 
nals 1 1a to 1 1c, and a common terminal 1 1d, which are 
exposed on the edge of the substrate 1 . Through these 
terminals, the heat generating units are energized one 
after another or at the same time at a given time in order 
to heat the liquid in the pump chamber 2a and boil it. 

The rotator 3 is provided with three vanes 3a to 3c, 
that is, the same number of the heat generating units 1a 
to 1c on the substrate 1. These vanes receive the 
expansive power of bubbles created by heat generated 
by each of the heat generating units 1 a to 1 c, and cause 
the rotator 3 to rotate. 

The micropump of the present embodiment is to 
compulsorily circulate or agitate ink serving as record- 
ing liquid for the liquid jet recording head. As shown in 
Fig. 2, the inner structure of the substrate 1 is provided 
with a main body 12 formed by silicon substrate, and 
Si0 2 layer 13 is formed for an amount approximately 1 .2 
um by oxidizing the surface of the silicon substrate. 
Then, as an interlayer insulating film, Si0 2 film 14 of a 
film thickness of approximately 1.2 p.m is formed by 
means of PE-CVD or the like on the surface of the oxi- 
dized layer. Subsequently, a heat generating resistive 
element 15 formed by a tantalum nitride film of a film 
thickness of 100A is laminated by means of reactive 
sputtering, and further, an Al wiring layer 16 of a film 
thickness of 5500A is laminated also by means of sput- 
tering for patterning. In this way, the heat generating 
units 1 a to 1 c are arranged by each of the heat generat- 
ing resistive elements 15 exposed from the interrupted 
portion of the Al wiring layer 16 thus patterned. 

The surface where the Al wiring layer 16 and the 
heat generating resistive element 15 are exposed is 
covered by a protective layer formed by SiN 4 layer (sili- 
con nitride layer) 17 of a film thickness of 1 urn pro- 
duced by the PE-CVD method and Ta layer (tantalum 
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layer) 1 8 of a film thickness of 2300 A laminated thereon. 

The separated terminals 11a to 11c and common 
terminal 1 1d of each of the heat generating units 1a to 
1c are arranged on the end portion of the patterned AI 
as shown m Fig. 3, and exposed from through holes 
provided for the protective layer. 

Here, in accordance with the present embodiment, 
the silicon substrate is used as the main body of the 
substrate 1, but it may be possible to use a glass plate 
or a ceramic plate, such as Al 2 0 3 , instead of the silicon 
substrate. 

The size of each of the heat generating units 1a to 
1c is 60 jim wide and 300 urn long. The sheet resist- 
ance of the heat generation resistive element 15 is 21 
QJo, and the resistive value is 105 CI Here, as shown in 
Fig. 4, the common terminal 11d is connected to the 
power-supply VH of an applied voltage of 30 V, and 
each of the separated terminals 1 1 a to 1 1 c is connected 
to a transistor 41 having an ON time of 20 iisec, respec- 
tively. Then, it is possible to obtain a sufficient energy to 
cause liquid (ink) in the pump chamber 2a to be foamed. 

Each of the vanes 3a to 3c of the rotator 3 is 
arranged around the shaft 31 at equal intervals as 
shown in Fig. 5A in a configuration that each of the 
extremely thin plates is spirally affixed around the shaft 
31 and formed integrally with the shaft 31. With this 
arrangement the expansive power of the bubbles, 
which are created by the boiling of Dquid in each of the 
heat generating units 1 a to 1 c on the substrate 1 , can be 
easily transformed into the rotational force of the rotator 
3. 

It is preferable to use a plastic material having a 
small specific gravity, such as polypropylene, polyethyl- 
ene, polysuifbne, or polyethersuKbne, which is easily 
usable for an integrated formation by an injection mold- 
ing or the like. 

The dimension of the rotator 3 is as shown in Fig. 
5B, for example. The maximum outer diameter thereof 
is set at 2 mm; the diameter d 2 of the shaft 31 is 0.5 mm; 
the thickness w 1 of each of the vanes 3a to 3c is 0.2 
mm; and the length ti of the shaft 31 is 0.7 mm. 

The micropump E 1 is assembled by positioning the 
ceiling plate 2 with respect to the heat generating units 
1a to 1c after the rotator 3 is fitted into the pump cham- 
ber 2a of the ceiling plate 2, and then, the ceiling plate 
is adhesively bonded to the surface of the substrate 1 . 

The bonding agent used in this case should have a 
sufficient arrti corrosion property against ink, and further, 
it should be capable of providing airtightness between 
the ceiling plate 2 and the substrate 1 to avoid any ink 
leakage therefrom. For example, a silicone sealant. 
TSE (manufactured by Toshiba Silicone), an epoxy 
adhesive agent HP2R-HP2H (manufactured by Canon 
Chemical), or various urethane adhesive agents should 
be preferably applicable in this respect. 

Also, the ceiling plate 2 is preferably formed by an 
injection molding using the same plastic material of the 
rotator or by a glass plate processed by etching. . 

Figs. 6A to 6D are views illustrating the process in 



which the first vane 3a of the rotator 3 causes the rotator 
3 to rotate by receiving the expansive power of bubbles 
created in the first heat generating unit 1a on the sub- 
strate 1 in order to suck liquid (ink) from the suction port 

5 2b. As shown in Fig. 6A, when liquid on the first heat 
generating unit 1a on the substrate 1 is heated by this 
unit, a bubble B is created. This bubble is gradually 
expanded as shown in Fig. 6B. The pressure thus 
exerted acts on the first vane 3a to enable the rotator 3 

io to rotate in the direction indicated by an arrow A. As 
shown in Fig. 6C, when the first vane 3a shifts on the 
second heat generating unit 1b, the bubble B is elimi- 
nated, thus creating a state where the pressure is 
reduced. As a result a depressurized portion is gener- 

is ated on the second heat generating unit 1b, thus suck- 
ing liquid on the circumference thereof. At this juncture, 
on the first and third heat generating units 1a and 1c, 
the same state of depressurization takes place, and as 
shown in Fig. 6D, new liquid is sucked into the pump 

20 chamber 2 through the suction port 2b to exhaust liquid 
from the exhaust outlet 2c. 

If, for example, a liquid is an ink whose main com- 
ponent is water and viscosity is approximately 4 to 5 cp, 
it is possible to pump up approximately 0.1 to 5 cc/min. 

25 by use of such pump. 

In this respect if the direction of each of the vanes 
3a to 3c being wound around the shaft 31 of the rotator 
3 is opposite, the rotational direction of the rotator 3 is in 
the direction opposite to the one indicated by the arrow 

30 A. Liquid is sucked in from the exhaust outlet 2 on the 
ceiling plate 2 and exhausted from the suction port 2. 

In accordance with the present embodiment, just an 
extremely small rotator is fitted into the pump chamber 
arranged on the ceiling plate. Therefore, the assembling 

35 of the micropump is extremely simple. 

Also, the foaming of liquid is used as a driving 
source. Therefore, rising and falling of the pumping 
action are extremely rapid to make it preferably useable 
for pumping liquid intermittently at specific intervals or 

40 for agitating it. 

Moreover, since the pumping action is stabilized, it 
is possible to pump up a specific quantity at a constant 
flow rate. 

In addition, it is easy to manufacture the rotator 
45 itself, while no expensive material is needed. As a 
result, the costs of components are low, hence making 
it possible to materialize the provision of inexpensive 
micromachines. 

Fig. 7 is a perspective view showing a micromotor 
so E 2 in a partly broken state in accordance with a second 
embodiment of the present invention. 

The micromotor E 2 comprises a substrate 51 hav- 
ing a plurality of heat generating units 51a arranged 
around a given axis at equal intervals; a ceiling plate 52 
55 bonded on the surface thereof to serve as means for 
retaining liquid; and a rotor 53, which is a rotator rela- 
tively fitted into a cylindrical rotor chamber 52 formed at 
the bottom of the ceiling plate 52 serving as liquid 
retaining portion. The ceiling plate 52 is shown in a 
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partly broken state. 

The rotor 53 comprises a spindle 54, which is a 
shaft member penetrating the through hole 52b of the 
ceiling plate 52, and a plurality of flat vanes 53a 
extended in the axial direction, which are arranged s 
around the shaft member at equal intervals. The rotor is 
formed by the same material used for the rotator 3 of the 
first embodiment. 

A method for manufacturing the rotor 53 may be to 
finish it in the final configuration by an injection molding w 
as in the case of the rotator 3 of the first embodiment. 
However, since the vanes 53a are flat and extended in 
the axial direction, it is possible to produce a blank at 
first in such a configuration that an annular member 
having the same outer diameter as the vanes 53a is is 
integrally formed with a spindle 54 by means of an injec- 
tion molding, and then, to cut out each of the vanes 53a 
by a laser processing by the application of excimer laser 
or the like. In this case, for the material of the rotor, it is 
preferable to use polysulfone or polyethersulfone having so 
absorption area in the vicinity of the wavelength of 248 
nm of the excimer laser. 

To describe one specific example, a blank having 
an annular member of 5 mm diameter and 0.5 mm thick, 
and a spindle of 0.5 mm diameter is formed by an injec- 25 
tion molding, and then, a rotor having the vanes whose 
outer diameter is 1.5 mm is manufactured by the appli- 
cation of a batch exposure by use of an excimer laser 
oscillator, a light source combined with an optical sys- 
tem that enhances the power concentration, and a 30 
stainless steel mask. 

As described above, it is possible to manufacture 
extreme small rotors in high precision at low costs by 
combining the injection molding and laser processing. 

The substrate 51 is provided with a common termi- 35 
nal 61b and separated terminals 61a to energize each 
of the heat generating units 51a. The inner structure of 
the substrate 51 is the same as the substrate 1 of the 
first embodiment 

The micromotor E 2 is assembled as given below. At 40 
first, the spindle 54 of the rotor 53 is put to penetrate the 
through hole 52b of the ceiling plate 52 so as to fit the 
vanes 53a into the rotor chamber 52a. Then, the ceiling 
plate 52 is positioned at a given location on the sub- 
strate 51 to bond them together as in the first embodi- 45 
ment. Subsequently, a lubricant, such as grease, that 
dually serves as a sealant, is injected between the 
through hole 52b of the ceiling plate 52 and the spindle 
54 of the rotor 53. Liquid is filled in from the liquid supply 
port 52c provided for the ceiling plate 52 to the rotor so 
chamber 52a, and then, the liquid supply port 52c is 
sealed. 

Each of the heat generating units 51 is energized at 
a time or one after another, thus causing the liquid, 
which is in contact with each one of them, to be foamed, ss 
Then, as in the first embodiment by the application of 
the pressure exerted by expanded bubbles, the rotor 53 
rotates to drive the spindle 54 to rotate. In this way, a 
rotating element (not shown) coupled to the spindle can 



rotate at a revolution of several tens of rpm to as high as 
several thousands of rpm. 

A part of liquid in the rotor chamber 52a flows into 
the gap between the through hole 52b of the ceiling 
plate 52 and the spindle 54. As a result, the spindle 54 
is axially supported by the static pressure thus exerted. 
Therefore, the spindle 54 can rotate in a high precision 
of less than 0.5 \xrr\ deflection. 

Fig. 8 is a partly perspective view which shows the 
principal part of a liquid jet recording head E 3 using the 
same micropump as the first embodiment This head 
comprises a substrate 81 whose interior is structured 
the same as that of the substrate 81 of the first embodi- 
ment; and a ceiling plate 82 serving as means for con- 
stituting liquid paths formed by plastic, which is pressed 
onto the surface of the substrate 81 by an elastic mem- 
ber to be described later. The substrate 81 is provided 
with the heat generating units 81a for use of droplet dis- 
charge, arranged on one line near one end thereof, and 
second heat generating units (not shown) arranged on 
the central part thereof for use of a pair of micropumps. 
On the other end of the substrate 81 , separate terminals 
81b and a common terminal (not shown) are exposed 
for use of energizing the heat generating units 81a to 
discharge droplets and drive micropumps at a given tim- 
ing, respectively. 

The ceiling plate 82 comprises a pair of tubular 
extrusions 82a (one of them is not shown) and an orifice 
plate member 82b having orifices arranged on one line 
thereon. On the main body 82c of the ceiling plate 82, 
there are formed liquid paths (nozzles) 82d conductively 
connected to each of the orifices on the orifice plate 
member 82b, and a pump chamber 82f conductively 
connected with a common liquid chamber 82e, and 
each of the extrusions 82a. The same rotator 83 as the 
rotator 3 of the first embodiment is fitted into each of the 
pump chambers 82f rotatively. 

Each of the orifices 82a of the orifice plate member 
82b of the ceiling plate 82 is arranged over approxi- 
mately 4.5 mm at equal intervals in a high density of 
approximately 360 dpi (dots per inch). 

The inner structure of the heat generating units 81a 
for use of droplet discharge and that of the heat gener- 
ating units for use of micropumps on the substrate 81 
are the same with the exception of the areas thereof. As 
a result, it is possible to produce them by one and the 
same process. In this respect, the dimension of each 
heat generating unit for use of micropumps is 105 x 40 
urn 2 , while the area of each heat generating unit 81 a for 
use of droplet discharge is extremely fine so as to mate- 
rialize such dot numbers as described above. 

The ceiling plate 82 is integrally formed by an injec- 
tion molding in the same way as the ceiling plate 1 for 
the first embodiment. Then, on the surface of the orifice 
plate member 82b. a water repellent film (Saitop CTX 
manufactured by Asahi Glass) is coated. If any improve- 
ment of adhesion is needed, it should be effective to 
coat an adhesion enhancement agent (Sealant coupling 
agent A1110 manufactured by Nihon Unika) before 
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coating any water repellent agent. 

Also, it is preferable to adopt a laser processing by 
the application of excimer laser or the like for drilling 
operation to provide the orifices on the orifice plate 
member 82b of the ceiling plate 82. For the manufacture 
of each of the rotators 83, an injection molding is 
adopted in the same way as the manufacture of the 
rotator 3 for the first embodiment. However, if the shape 
of the vanes is simplified, it may be possible to adopt a 
method wherein an injection molding and a laser 
processing are combined as in the second embodiment. 
Here, it is arranged that the directions in which the 
vanes are wound around a pair of rotators are opposite 
to each other, and one of them is structured to function 
as a micropump on the recording liquid supply side, and 
the other to function as a micropump on the recording 
liquid exhaust side. 

In this respect, the substrate 81 is supported to a 
heat radiation plate 85 together with a printed circuit 
board 84 having a driving circuit (not shown) on it to 
drive the heat generating units 81a for use of droplet 
discharge and the heat generating units for use of 
micropumps at a given timing, respectively. 

The recording liquid is sucked in to the common liq- 
uid chamber 82e by means of the micropump on the 
recording liquid supply side, and exhausted by the 
micropump on the recording liquid exhaust side. 

The recording liquid that flows from the common liq- 
uid chamber 82e to each of the liquid paths 82d is 
heated by means of the heat generating units 81a for 
use of droplet discharge, which generate heat selec- 
tively by use of the driving circuit described above. The 
recording liquid is thus foamed and discharged from the 
orifices of the orifice plate unit 82b as flying droplets, 
which adhere to a recording sheet or the like (not 
shown) for printing. 

The recording liquid in the common liquid chamber 
82e is compulsorily circulated by means of both 
micromachines as described above. Therefore, the bub- 
bles being accumulated by droplet discharges on each 
of the liquid paths and the common liquid chamber are 
continuously exhausted, thus making it possible to pre- 
vent the printing quality from being degraded due to the 
presence of such bubbles. 

In addition, the recording liquid in the common liq- 
uid chamber is continuously agitated, thus making it 
possible to prevent the temperature of recording liquid 
from being changed, hence stabilizing the printing per- 
formance. 

Further, it is possible to increase pressure exerted 
on the recording liquid in the common liquid chamber by 
temporarily suspending the micropump on the exhaust 
side or reducing the speed thereof so as to remove the 
adhesive particles in each of the liquid paths 82d by 
pushing out the recording liquid from each of the liquid 
paths 82d compulsorily. In this way, it is possible to 
implement the recovery of the droplet discharge per- 
formance. Conventionally, the recovery of the droplet 
discharge performance is carried out by a pump sepa- 



rately prepared. However, in accordance with the 
present embodiment, the micropump incorporated in 
the liquid jet recording head can be used for such pur- 
pose. Therefore, it is possible to simplify the assembling 

5 processes and the maintenance of a liquid jet recording 
apparatus significantly. 

Fig. 9 is a partly broken perspective view which 
shows a micropump E 1 in accordance with a third 
embodiment of the present invention. The micropump 

10 E A comprises a substrate 1 having four heat generating 
units 1a to id (heat generating units 1c and id are 
shown in Fig. 10 and Fig. 11) arranged at equal inter- 
vals around a given axis 0; a ceiling plate 2 bonded on 
the surface thereof serving as means for retaining liq- 

15 uid; and a rotator 3 fitted rotatively into a cylindrical 
pump chamber 2a formed at the bottom of the ceiling 
plate 2 to serve as liquid retaining portion. The ceiling 
plate is shown in a state where substantially a half of it 
is broken away. 

20 At the bottom of the ceiling plate 2, a suction port 2b 
is provided to conductively connect it to the pump cham- 
ber 2a. Also, the upper end of the pump chamber 2a is 
open to the exhaust outlet 2c that penetrates the ceiling 
plate 2 upward in Fig. 9. When the rotator 3 rotates 

25 counterclockwise, liquid is sucked in from the suction 
port 2b, and exhausted from the exhaust outlet 2c. 

Each of the heat generating units 1a to 1d on the 
substrate 1 is connected with each of the separated ter- 
minals 1 1 a to 1 1 d and a common terminal 1 1 e exposed 

30 at the edge of the substrate 1 . Through these terminals, 
the heat generating units are energized one after 
another or at a time at a given timing to heat liquid in the 
pump chamber 2a, thus causing it to be boiled. 

The rotator 3 is provided with three vanes 3a to 3c, 

35 which receive bubbles created by means of heat gener- 
ated by each of the heat generating units 1a to id, and 
transform such expansive pressure into rotational 
torque, thus causing the rotator 3 to rotate. 

The micropump of the present embodiment is to 

40 compulsorily circulate or agitate ink, which is the record- 
ing liquid used by the liquid jet recording head. The 
inner structure of the substrate 1 is as already 
descrtoed in conjunction with Fig. 2. 

Each of the separated terminals 1 1 a to 1 1 d and the 

45 common terminal 1 1 e of the heat generating units 1 a to 
Id is arranged on the end portion of the Al wiring layer 
16 patterned as shown in Fig. 10. 

Here, in accordance with the present embodiment, 
the silicon substrate is used as the main body of the 

so substrate 1 , but it may be possible to use a glass plate 
or a ceramic plate, such as Al 2 0 3 , instead of the silicon 
substrate. 

The size of each of the heat generating units 1a to 
1c is 60 pm wide and 300 *im long. The sheet resist- 
55 ance of the heat generative resistive element 15 is 21 
£!/□, and the resistive value is 105 n. Here, as shown in 
Rg. 11, the common terminal 11d is connected to the 
power-supply VH of an applied voltage 30 V, and each 
of the separated terminals 1 1 a to 1 1 c is connected to a 
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transistor 41 having an ON time of 20 usee, respec- 
tively. Then, it is possible to obtain a sufficient energy to 
cause liquid (ink) in the pump chamber 2a to be foamed. 

Each of the vanes 3a to 3c of the rotator 3 is 
arranged around the shaft 31 at equal intervals as 
shown in Fig. 12A in a configuration that each of the 
extremely thin plates is spirally affixed around the shaft 
31 spirally and formed integrally with the shaft 31. With 
this arrangement, the expansive power of the bubbles, 
which are created by the boiling of liquid in each of the 
heat generating units 1 a to 1 c on the substrate 1 , can be 
transformed easily into the rotational force of the rotator 
3. 

It is preferable to use a plastic material having a 
small specific gravity, such as polypropylene, polyethyl- 
ene, polysulfone, or polyethersulfone, which is easily 
usable for an integrated formation by an injection mold- 
ing or the like. 

The dimension of the rotator 3 is as shown in Fig. 
1 2B, for example. The maximum outer diameter thereof 
is set at 2 mm; the diameter d 2 of the shaft 31 is 0.5 mm; 
the thickness wj of each of the vanes 3a to 3c is 0.2 
mm; the mounting angle e is 25°; and the length t, of the 
shaft 31 is 0.7 mm. 

The micropump E A is assembled by positioning the 
ceiling plate 2 to the heat generating units 1a to 1c after 
the rotator 3 is fitted into the pump chamber 2a of the 
ceiling plate 2, and then, the ceiling plate is adhesively 
bonded to the surface of the substrate 1 . 

The bonding agent used in this case should have a 
sufficient anticorrosion property against ink, and further, 
it should be capable of providing airtightness between 
the ceiling plate 2 and the substrate 1 to avoid any ink 
leakage therefrom. In this respect, a silicone sealant, 
TSE (manufactured by Toshiba Silicone), an epoxy 
adhesive agent, HP2R-HP2H (manufactured by Canon 
Chemical), or various urethane adhesive agents should 
b preferably applicable, for example. 

Also, the ceiling plate 2 is preferably formed by an 
injection molding using the same plastic material of the 
rotator 3 or by a glass plate processed by etching. 

Figs. 13A to 13D are views illustrating the process 
in which the first vane 3a of the rotator 3 causes the 
rotator 3 to rotate by receiving the expansive power of 
bubbles created in the first heat generating unit 1a on 
the substrate in order to suck liquid (ink) from the suc- 
tion port 2b. As shown in Fig. 13 A, when liquid on the 
first heat generating unit 1a on the substrate 1 is heated 
thereby, a bubble B is created. This bubble is gradually 
expanded as shown in Fig. 13B. The pressure thus 
exerted acts on the first vane 3a to enable the rotator 3 
to rotate in the direction indicated by an arrow A . As 
shown in Fig. 13C, when the first vane 3a shifts on the 
second heat generating unit 1b, the bubble B is elimi- 
nated to create a state where the pressure is reduced. 
As a result, a depressurized portion is created on the 
second heat generating unit 1b, thus sucking liquid on 
the circumference thereof. At this juncture, on the first, 
third heat, and fourth generating units 1a, 1c, and id, 



the same state of depressurization takes place, and as 
shown in Fig. 13D, new liquid is sucked into the pump 
chamber 2a through the suction port 2b, and liquid is 
exhausted from the exhaust outlet 2c. 
s H, for example, a liquid is an ink whose main com- 
ponent is water and viscosity is approximately 4 to 5 cp, 
it is possible to pump up approximately 0.1 to 5 cc/min. 
by use of such pump. 

In this respect, if the direction of each of the vanes 
io 3a to 3c being wound around the shaft 31 of the rotator 
3 is opposite, the rotational direction of the rotator 3 is in 
the direction opposite to the one indicated by the arrow 
A. Liquid is sucked in from the exhaust outlet 2c on the 
ceiling plate 2 and exhausted from the suction port 2b. 
75 In accordance with the present embodiment, just an 
extremely small rotator is fitted into the pump chamber 
arranged on the ceiling plate. Therefore, the assembling 
of the micropump is extremely simple. 

Also, the foaming of liquid is used as a driving 
20 source. Therefore, rising and falling of the pumping 
action are extremely rapid to make it preferably useable 
for pumping up liquid intermittently at specific intervals 
or for agitating it. 

Moreover, since the pumping action is stabilized, it 
25 is possible to pump up a specific quantity at a constant 
flow rate. Particularly, since the number of heat generat- 
ing units on the substrate is 4, while the number of the 
vane of the rotator is 3, these are in a prime relationship 
where no factors exist between them. Therefore, it is 
30 possible to rotate the rotator stably at all times even if a 
slight irregularity is present in the heat generating 
amount (foaming energy) of each of the heat generating 
units. As described above, the variation of rotational 
torque can be prevented by defining the number of the 
35 heat generating units on the substrate and the number 
of the vanes of the rotator to present a prime relation- 
ship to each other, thus producing an excellent effect on 
the stabilization of the pumping action. 

Moreover, since the mounting angle of each vane of 
40 the rotator is 25°, there is an advantage that the effi- 
ciency is extremely high in transforming the foaming 
energy into the rotational torque at each of the heat gen- 
erating units. In general, it is desirable to set the mount- 
ing angle of the vanes at less than 30°, and if there is 
45 any restriction, such as space saving, for the design 
consideration, it is preferable to set such angle at less 
than 20°. 

In addition, it is easy to manufacture the rotator 
itself, while no expensive material is needed. The costs 
so of components are low accordingly. Therefore, it is pos- 
sible to materialize the provision of extremely small and 
inexpensive micromachines. 

Fig. 1 4 is a perspective view showing a micromotor 
E 2 in a partly broken state in accordance with a fourth 
55 embodiment of the present invention. The micromotor 
E 2 comprises a substrate 51 having a plurality of heat 
generating units 51a arranged around a given axis at 
equal intervals; a ceiling plate 52 bonded on the surface 
thereof to serve as means for retaining liquid; and a 
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rotor 53, which is a rotator rotatively fitted into a cylindri- 
cal rotor chamber 52 formed at the bottom of the ceiling 
plate 52 serving as liquid retaining portion. The ceiling 
plate 52 is shown in a partly broken state. 

The rotor 53 comprises a spindle 54, which is a 
shaft member penetrating the through hole 52b of the 
ceiling plate 52, and a plurality of flat vanes 53a 
extended in the axial direction, which are arranged 
around the shaft member at equal intervals. The rotor is 
formed by the same material used for the rotator 3 of the 
third embodiment. The number of the vanes 53a of the 
rotor 53 is defined to present a prime with respect to the 
number of the heat generating units 51a on the sub- 
strate 51. 

A method for manufacturing the rotor 53 may be to 
finish it in the final configuration by an injection molding 
as in the case of the rotator 3 of the third embodiment. 
However, since the vanes 53a are flat and extended in 
the axial direction, H is possible to produce a blank at 
first in such a configuration that an annular member 
having the same outer diameter as the vanes 53a is 
integrally formed with a spindle 54 by means of an injec- 
tion molding, and then, to cut out each of the vanes 53a 
by a laser processing by the application of excimer laser 
or the like. In this case, for the material of the rotor, it is 
preferable to use polysulfone or polyethersulfone having 
absorption area in the vicinity of the wavelength of 248 
nm of the excimer laser. 

To describe one specific example, a blank having 
an annular member of 5 mm diameter and 0.5 mm thick, 
and a spindle of 0.5 mm diameter is formed by an injec- 
tion molding, and then, a rotor having the vanes whose 
outer diameter is 1.5 mm is manufactured by the appli- 
cation of a batch exposure by use of an excimer laser 
oscillator, a light source combined with an optical sys- 
tem that enhances the power concentration, and a 
stainless steel mask. 

As described above, it is possible to manufacture 
extreme small rotors in high precision at low costs by 
combining the injection molding and laser processing. 

The substrate 51 is provided with a common termi- 
nal 61b and separated terminals 61a to energize each 
of the heat generating units 51a. The inner structure of 
the substrate is the same as the substrate 1 of the third 
embodiment. 

The micromotor E 2 is assembled as given below. At 
first, the spindle 54 of the rotor 53 is put to penetrate the 
through hole 52b of the ceiling plate 52 so as to fit the 
vanes 53a into the rotor chamber 52a. Then, the ceiling 
plate 52 is positioned at a given location on the sub- 
strate 51 to bond them together as in the first embodi- 
ment. Subsequently, a lubricant, such as grease, that 
dually serves as a sealant, is injected between the 
through hole 52b of the ceiling plate 52 and the spindle 
54 of the rotor 53. Then, liquid is filled in from the liquid 
supply port 52c provided for the ceiling plate 52 to the 
rotor chamber 52a, and the liquid supply port 52c is 
sealed. 

Each of the heat generating units 51a on the sub- 



strate 51 is energized at a time or one after another, 
thus causing liquid, which is in contact with each one of 
them, to be heated and foamed. Then, by means of the 
pressure exerted by expanded bubbles, the rotor 53 

5 rotates to drive the spindle 54 to rotate as in the third 
embodiment In this way, a rotating element (not shown) 
coupled to the spindle can rotate at a revolution of sev- 
eral tens of rpm to as high as several thousands of rpm. 
A part of liquid flows in between the through hole 

10 52b of the ceiling plate 52 and the spindle 54. As a 
result, the spindle 54 is axially supported by the static 
pressure thus exerted. Therefore, it is possible to per- 
form the rotation of the spindle in a high precision 
whose deviation is less than 0.5 jim. 

is Fig. 16 is a perspective view which shows a micro- 
pump in a partly broken state in accordance with still 
another embodiment of the present invention. The 
micropump comprises a substrate 1 having three heat 
generating units 1a to 1c (heat generating unit 1c is not 

20 shown) arranged around a given axis O at equal inter- 
vals; a ceiling plate 2 bonded on the surface thereof to 
serve as means for liquid retaining means; and a first 
rotator 3 fitted rotatively into a cylindrical motor chamber 
2a formed at the bottom of the ceiling plate 2 to service 

25 as a liquid retaining portion. In Fig. 16, the upper part of 
the ceiling plate 2 and the side portion on the left-hand 
side in Fig. 16 are shown in a state of being broken 
away. As shown in Fig. 17, a liquid chamber 2 is 
arranged in the upper part of the ceiling plate 2. The 

30 upper end of the liquid chamber 2 is open to a piping 
(not shown) that penetrates the ceiling plate 2 upward in 
Fig. 1 7. The first rotator 3 is coupled to a second rotator 
5 integrally through a spindle 4. The second rotator 5 is 
arranged in the liquid chamber 2b, and by the rotation of 

35 the second rotator 5, liquid in the liquid chamber 2b is 
agitated or supplied and exhausted. 

Each of the heat generating units 1a to 1c on the 
substrate 1 is connected with each of the separated ter- 
minals 1 1 a to 1 1 c and a common terminal 1 1 d exposed 

40 at the edge of the substrate 1 , and energized through 
them one after another or at a time at a given timing to 
generate heat, thus heating liquid in the motor chamber 
2 to cause it boiled. 

The first rotator 3 is provided with the same 

45 number, that is, three vanes 3a to 3c, as the heat gener- 
ating units 1a to 1c on the substrate. These vanes 
receive the expansive pressure of bubbles created by 
the head generated by each of the heat generating ele- 
ments 1a to 1c to cause the first rotator 3 to rotate. By 

so the rotation thereof, the second rotator 5 is driven to 
rotate, thus effectuating the pumping action for supply- 
ing, exhausting, or agitating liquid in the liquid chamber 
2. 

The micropump of the present embodiment is to 
55 compulsorily circulate or agitate ink serving as a record- 
ing liquid of the liquid jet recording head. The inner 
structure of the substrate 1 is as already described in 
conjunction with Fig. 2. 

The separated terminals 11a to 11c and the com- 



9 



BNSDOCID: <EP 0750993A2_I_> 



17 



EP0 750 993 A2 



18 



mon terminal 1 1d of each of the heat generating units 
1 a to 1 c are arranged on the end portion of the Al wiring 
layer 16 patterned as shown in Fig. 18. 

In this respect, a silicon substrate is used for the 
main body of the substrate 1 of the present embodi- 
ment, but it may be possible to use a glass plate or 
ceramic plate, such as AI2O3 instead of the silicon sub- 
strate 

The size of each of the heat generating units 1a to 
1c is 200 Jim wide and 300 urn long. The sheet resist- 
ance of the heat generating element 15 is 21 Q/n, and 
the resistive value is 31.5 £1 Now, if the common termi- 
nal lid is connected to the power-supply VH of an 
applied voltage 30V, and each of the separated termi- 
nals 1 1 a to 1 1 c is connected to a transistor 41 having its 
On time of 20 p. second as shown in Fig. 19, it is possi- 
ble to obtain a sufficient energy to cause liquid (ink) in 
the motor chamber 2 to be foamed. 

Each of the vanes 3a to 3c of the first rotator 3 is 
arranged around the shaft of the first rotator 3 at equal 
intervals, and is of the configuration that an extremely 
thin plate is wound spirally around the shaft in order to 
transform the expansive pressure exerted by means of 
bubbles created by the boiling of liquid on each of the 
heat generating units 1 a to 1 c on the substrate 1 into the 
rotational torque easily. 

Also, the second rotator 5, which presents an inte- 
gral body together with the first rotator 3, is provided 
with three vanes 5a to 5c, and each of them is in the 
same configuration as that of each o1 the vanes 3a to 3c 
of the first rotator 3. 

For the material of the rotational body comprising 
the first rotator 3, the spindle 4, and the second rotator 
5, it is preferable to adopt a plastic material having a 
small specific gravity, that can be integrally formed by 
means of an injection molding or the like easily, such as 
polypropylene, polyethylene, polysulfone, or polyether- 
sulfone. 

The dimension of the first rotator is defined to be: 
the maximum outer diameter is 2 mm; the diameter of 
the shaft is 0.5 mm; the thickness of each of the vanes 
3a to 3c is 0.2 mm; and the length of the shaft is 0.4mm. 
The dimension of the second rotator is also the same as 
the above. 

If, for example, liquid in the liquid chamber 2b is ink 
whose main component is water, and viscosity is 
approximately 4 to 5 cp, it is possible to pump up the liq- 
uid in the liquid chamber 2b at approximately 0.1 to 5 
cc/min. by the pumping function of the second rotator 5. 

Also, since the liquid foaming is the driving source, 
the rising and falling of the pumping action is extremely 
rapid. Therefore, it is preferably usable for pumping up 
liquid intermittently at specific intervals and for agitating 
it. 

Further, since the pumping action is stable, it is pos- 
sible to pump up liquid at a given flow rate regularly. 

In addition, it is easy to manufacture each rotator, 
while no expensive material is needed. As a result, the 
costs of parts are low, making it possible to materialize 



an extremely small and inexpensive micromachine. 

Fig. 20 is a partly perspective view which shows the 
principal part of the liquid jet recording head E 1 that 
uses a pair of micropumps Mi and M 2 structured the 

5 same as those micropumps in accordance with the 
present embodiment. This head comprises a substrate 
81 whose inner structure is the same as that of the sub- 
strate 1 described above; and a ceiling plate 82, which 
is means for constituting plastic liquid paths, and 

10 pressed to the surface of the substrate by means of an 
elastic member to be described later. The substrate 81 
is provided with heat generating units 81a for use of 
droplet discharge arranged near the end portion 
thereof, and a pair of second heat generating units (not 

15 shown) arranged on the central portion thereof. On the 
other end of the substrate 81, the separated terminals 
81b and a common terminal (not shown) are exposed to 
energize the heat generating units 81a for use of liquid 
discharge and heat generating units for use of the 

20 micropumps by a given timing, respectively. 

The ceiling plate 82 is provided with an orifice plate 
member 82b having a pair of tubular extrusions 82a 
(one of them is not shown), and orifices arranged on a 
line. For the main body 82c of the ceiling plate 82, there 

25 are formed liquid paths (nozzles) 82e conductively con- 
nected with each of the orifices 82d of the orifice plate 
member 82b, and a common liquid chamber 82f. In the 
common liquid chamber 82f, micropumps M t and M 2 
are arranged. Each of them is provided with a first rota- 

30 tor and a second rotator, respectively, as the rotators 3 
and 5 described earlier. 

Each of the orifices 82d of the orifice plate member 
82b of the ceiling plate 82 is arranged over approxi- 
mately 4.5 mm at equal intervals in a high density of 

35 approximately 360 dpi (dots per inch), for example. 

The inner structure of the heat generating units 81 a 
for use of droplet discharge and that of the heat gener- 
ating units for use of micropumps on the substrate 81 
are the same with the exception of the areas thereof. As 

40 a result, it is possible to produce them by one and the 
same process. In this respect, the dimension of each 
heat generating unit for use of micropumps is 105 x 40 
um 2 , while the area of each heat generating unit 81 a for 
use Of droplet discharge is extremely fine so as to mate- 

45 riaiize the dot numbers described above. 

The ceiling plate 82 is integrally formed by an injec- 
tion molding in the same way as the ceiling plate 1 for 
the first embodiment. Then, on the surface of the orifice 
plate member 82b, a water repellent film (Sa'rtop CTX 

50 manufactured by Asahi Glass) is coated. If any improve- 
ment of adhesion is needed, it should be effective to 
coat an adhesion enhancement agent (Sealant coupling 
agent A1110 manufactured by Nihon Unika) before 
coating any water repellent agent 

55 In this respect, the substrate 81 is supported to a 
heat radiating plate 85 together with a printed circuit 
board 84 having a driving circuit (not shown) on it to 
drive the heat generating units 81a for use of droplet 
discharge and the heat generating unit for use of micro- 
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pumps. 

Ink serving as a recording liquid is sucked into the 
common liquid chamber 82f by means of the microp- 
ump M 1 on the ink supply side, and exhausted by 
means of the micropump M 2 on the ink exhaust side. s 

The ink that flows in each of the liquid paths 82e 
from the common liquid chamber 82f is heated and 
foamed by the heat generating units 81 a for use of drop- 
let discharge, which generate heat selectively by means 
of the driving circuit described above, thus being dis- 10 
charged as flying droplets from the orifices 82d of the 
orif ice plate member 82b to adhere to a recording sheet 
or the like (not shown) for printing. 

Further, by temporarily suspending the micropump 
M 2 on the exhaust side or reducing its speed, it is possi- 15 
ble to increase the pressure exerted on ink in the com- 
mon liquid chamber 82f, thus pushing out ink from each 
of the liquid paths 82 e by force to remove adhesive par- 
ticles in each liquid path 82 e for the recovery of the 
droplet discharge performance. In accordance with the 20 
conventional technique, the recovery of the droplet dis- 
charge performance is carried out by a pump separately 
prepared. With the present embodiment, however, it is 
possible to use a micropump incorporated in the liquid 
jet recording head. Therefore, the assembling process 25 
and the maintenance can be simplified significantly. 

Fig. 21 and Fig. 22 are views which illustrate the 
assembling of a liquid jet recording head cartridge as a 
whole, which mounts a liquid jet head recording head E 3 
in accordance with each of the embodiments described 30 
above. At first, a ceiling plate 82 is pressed by an elastic 
member 86 to a substrate 81 , and after these plate and 
board are integrated, the substrate 81 and a printed cir- 
cuit board 84 are fixed to a heat radiation plate 85 by 
means of screws. An ink supply member 87 having a 35 
supply tube and an exhaust tube, which are fitted to 
each of the extrusions 82a of the ceiling plate 82, is 
assembled on the ceiling plate 82. 

The plate thus assembled is positioned at the 
recess 88b of an ink tank 88 having a sponge 88a to 40 
soak ink in it. The side plate 89 is fixed to the ink tank 88 
by means of screws. The opposite side is closed by a 
cover 90. Here, if necessary, a silicone sealant TES-399 
(manufactured by Toshiba Silicone) or the like or a ure- 
thane or an epoxy sealant is injected in order to prevent 45 
any ink leakage from each part, and also, to protect 
such part after the ink supply member 87 is assembled 
on the ceiling plate 82. 

Now, with reference to Fig. 23, the description will 
be made of a liquid jet recording apparatus having a liq- so 
uid jet recording head of the present invention mounted 
on it. 

A recording head cartridge is provided with a liquid 
jet recording head (hereinafter referred to as a record- 
ing head) 103 and an ink container serving as an ink 55 
tank, which are coupled to each other. A carriage 101 
having the recording head cartridge mounted thereon is 
guided by a guide shaft 104 and a lead screw 105 pro- 
vided with a spiral groove 105a. On the carriage 101 , it 



is possible to mount an ink container cassette 102 hav- 
ing an ink container incorporated in it 

The lead screw 105 can rotate regularly and 
reversely by means of a reversible driving motor 106 
through a train of gears 106a, 106b, 106c, and 106d, 
thus reciprocating the carriage 101 in the direction indi- 
cated by an arrow and the direction opposite to it 
through a pin (not shown) provided for the carriage 1 01 , 
the leading end of which engages with the spiral groove 
105 of the lead screw. The switching over of the regular 
and reverse rotations of the driving motor 106 is carried 
out by means of the lever 115 and photo-coupler 116 
provided for the carriage 101, which detect whether or 
not the carriage 101 is at its home position. 

Meanwhile, a recording sheet 109 serving as a 
recording medium is pressed to a platen 107 by means 
of a pressure plate 108. Then, it is carried by a sheet 
feed roller (not shown) driven by a sheet feed motor 
110, which functions as a feeding device to carry and 
enable the recording medium to face the recording head 
103. 

Fig. 24 and Fig. 25 are perspective views which 
schematically illustrate the so-called full line type ink jet 
recording head having a width corresponding to the 
recordable width of a recording medium, and an ink jet 
recording apparatus using such ink jet recording head, 
that is. these views illustrate the entire body of another 
liquid jet recording head having a liquid jet recording 
head mounted in accordance with each of the embodi- 
ments described above. 

The full line type ink jet recording head is provided 
with many numbers of discharge ports to serve its pur- 
pose. Here, the present invention is able to demon- 
strated its effects most conspicuously. 

For a recordng apparatus of the kind, a full line ink 
jet recording head 200 is arranged to face a paper 
sheet, cloth, or other recording media 400, which is car- 
ried by means of a feed roller 300. Then, while a record- 
ing medium is being carried, ink is discharged from the 
full line type ink jet recording head 200 onto the record- 
ing medium in accordance with recording signals. In this 
way, recording is performed on an elongated recording 
medium. In case of the present invention, ink jet record- 
ing heads are manufactured by arranging a plurality of 
heater boards provided with discharge energy generat- 
ing elements. Therefore, it is easy to manufacture an 
elongated ink jet recording heads, such as a full line 
recording head described above. 

Of the liquid jet recording methods, the present 
invention demonstrates particularly excellent effects 
when H is applied to a recording head and recording 
apparatus using the so-called ink jet recording method 
whereby to form flying droplets for recording by the utili- 
zation of thermal energy. 

Regarding the typical structure and operational 
principle of such method, it is preferable to adopt those 
which can be implemented using the fundamental prin- 
ciple disclosed in the specifications of U.S. Patent Nos. 
4,723,129 and 4,740,796. This method is applicable to 
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the so-called on-demand type recording system and a 
continuous type recording system as well. 

Now, to describe this recording method briefly, dis- 
charge signals are supplied from the driving circuit that 
serves as driving means for generating heat by supply- 
ing electric signals to electrothermal transducing ele- 
ments, which are the heat generating units arranged to 
face a sheet or ink paths retaining a recording liquid 
(ink) thereon. In other words, at least one driving signal, 
which provides a rapid temperature rise beyond a 
departure from nucleation boiling point in response to 
recording information, is made applicable to an electro- 
thermal transducing element disposed on a liquid (ink) 
retaining sheet or liquid path whereby to cause the elec- 
trothermal transducing element to generate thermal 
nergy to produce film boiling on the thermoactive por- 
tion of the recording head, thus effectively leading to the 
resultant formation of a bubble in the recording liquid 
(ink) one to one in response to each of the driving sig- 
nals. Therefore, this is particularly effective with respect 
to the recording method of on-demand type. By the 
development and contraction of the bubble, the liquid 
(ink) is discharged through a discharge port to produce 
at least one droplet. The driving signal is more prefera- 
bly in the form of pulses because the development and 
contraction of the bubble can be effectuated instantane- 
ously, and, therefore, the liquid (ink) is discharged with 
quicker response. The driving signal in the form of 
pulses is preferably such as disclosed in the specifica- 
tions of U.S. Patent Nos. 4,463,359 and 4,345,262. In 
this respect the temperature increasing rate of the 
heating surface is preferably such as disclosed in the 
specification of U.S. Patent No. 4.313,124 for an excel- 
lent recording in a better condition. 

The structure of the recording head may be as 
shown in each of the above-mentioned specifications 
wherein the structure is arranged to combine the dis- 
charging ports, liquid paths, and the electrothermal 
transducing elements (linear type liquid paths or right- 
angled liquid paths). Besides, the present invention is 
effective with respect to the structure such as disclosed 
in the specifications of U.S. Patent Nos. 4,558.333 and 
4,459,600 wherein the thermal activation portions are 
arranged in a curved area 

In addition, the present invention is effectively appli- 
cable to the structure disclosed in Japanese Patent 
Application Laid-Open No. 59-123670 wherein a com- 
mon slit is used as the discharging ports for plural elec- 
trothermal transducers, and to the structure disclosed in 
Japanese Patent Application Laid-Open No. 59-138461 
wherein an aperture for absorbing pressure wave of the 
thermal energy is formed corresponding to the dis- 
charge ports. 

Further, the present invention is effectively applica- 
ble to a recording head of full-line type having a length 
corresponding to the maximum width of a recording 
medium recordable by the recording apparatus. For the 
full line head, it may be possible to adopt either a struc- 
ture whereby to satisfy the required full line arrange- 



ment by combining a plurality of recording heads or a 
structure arranged by one recording head integrally 
formed. 

In addition, the present invention is effectively appli- 

5 cable to the recording head of an exchangeable chip 
type, which can be electrically connected with the appa- 
ratus main body or to which ink can be supplied from the 
apparatus main body when it is mounted on the appara- 
tus main body, or using the recording head of a car- 

10 tridge type in which an ink tank is formed integrally with 
the recording head itself. 

Further, the present invention is extremely effective 
in applying it not only to a recording mode in which only 
main color such as black is used, but also to an appara- 

is tus having at least one of multi-color modes with ink of 
different colors, or a full-color mode using the mixture of 
the colors, irrespective of whether the recording heads 
are integrally structured or it is structured by a combina- 
tion of plural recording heads. 

20 In accordance with the present invention, the most 
effective method for the various kinds of ink described 
above is the method in which film boiling is effectuated 
as described earlier. 

Further, as the mode of the ink jet recording appa- 

25 ratus of the present invention, it may be possible to 
adopt a copying apparatus combined with a reader in 
addition to the image output terminal for a computer or 
other information processing apparatus, and also, it 
may be possible to adopt a mode of a facsimile equip- 

30 ment having transmitting and receiving functions. 

A micromachine comprises at least one heat gener- 
ating unit arranged on the surface of a substrate, means 
for retaining liquid having a liquid retaining portion along 
the heat generating unit, a rotator rotatively supported in 

35 the liquid retaining portion of means for retaining liquid. 
This rotator is structured to rotate by means of the boil- 
ing of liquid in the liquid retaining portion by heat gener- 
ated by the heat generating unit. The micromachine, 
such a micropump or a micromotor, is incorporated in a 

40 liquid jet recording head to cause recording liquid to flow 
compulsorily in order to remove accumulated bubbles in 
the liquid paths for the maintenance of good perform- 
ance of the liquid jet recording head at all times. 

45 Claims 

1 . A micromachine comprising: 

at least one heat generating unit arranged on 

50 the surface of a substrate; 

means for retaining liquid having a liquid retain- 
ing portion along said heat generating unit; and 
a rotator rotatively supported in said liquid 
retaining portion of said means for retaining liq- 

55 uid, 

wherein said rotator is structured to rotate by 
means of the boiling of liquid in said liquid retaining 
portion by heat generated by said heat generating 
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unit. 

2. A micromachine according to Claim 1 , wherein said 
micromachine is a micropump to cause liquid to 
flow compulsorily. 

3. A micromachine according to Claim 1 , wherein said 
micromachine is a micromotor rotating a shaft 
member integrally formed with the rotator. 

4. A micromachine according to Claim 1 , wherein said 
rotator is integrally formed by an injection molding 
of plastic material. 

5. A micromachine according to Claim 1 , wherein said 
rotator is manufactured by a laser processing of a 
blank obtainable by an injection molding of plastic 
material. 

6. A micromachine according to Claim 1, wherein a 
plurality of said heat generating units are arranged, 
and said rotator is provided with a plurality of vanes 
for transforming the boiling pressure of liquid in said 
liquid retaining portion exerted by heat generated 
by said heat generating units into rotational torque, 
and the number of said vanes and the number of 
said heat generating units are in a prime relation- 
ship without having any factors each other. 

7. A micromachine according to Claim 6, wherein the 
mounting angle of each vane of said rotator is less 
than 30°. 

8. A micromachine according to Claim 1 , wherein said 
rotator is provided with a first rotator and a second 
rotator integrally formed with said first rotator, and 
said second rotator is driven to rotate by the rota- 
tion of said first rotator by means of the boiling of 
liquid in said liquid retaining portion by heat gener- 
ated by said heat generating units in order to cause 
liquid on the circumference thereof to flow. 

9- A liquid jet recording head comprising: 

a substrate having a plurality of heat generating 
unit for use of droplet discharge; 
means for constituting liquid paths having a 
common liquid chamber conductively con- 
nected with each of liquid paths along each 
heat generating units on said substrate; and 
at least one micropump causing recording liq- 
uid in said common liquid chamber of said 
means for constituting liquid paths to flow com- 
pulsoriiy, 

wherein said micropump is provided with 
second heat generating unit in a given location on 
said substrate, and a rotator rotating by the boiling 
of said recording liquid by heat generated by said 



second heat generating unit. 

10. A liquid jet recorcfing head according to Claim 9, 
wherein a pair of micropumps are arranged, and 

5 one of them supplies recording liquid to the com- 
mon liquid chamber, and the other exhausts record- 
ing liquid. 

11. A liquid jet recorcfing head according to Claim 9, 
10 wherein said micropump is provided with a plurality 

of said second heat generating units, and a rotator 
having a plurality of vanes transforming the boiling 
pressure of said liquid exerted by head generated 
by said second heat generating units, and the 
is number of said vanes of said rotator and the 
number of said second heat generating units are in 
a prime relationship without having any factors 
each other. 

20 12. A liquid jet recording head according to Claim 9 
wherein said micropump is provided with second 
heat generating units and a first rotator rotating by 
the boiling of said liquid by heat generated by said 
second heat generating units, and a second rotator 

25 to be driven to rotate by the rotation of said first 
rotator. 

13. A liquid jet recording apparatus comprising: 



30 a liquid jet recording head provided with a sub- 

strate having a plurality of heat generating unit 
for use of droplet discharge; 
means for constituting liquid paths having a 
common liquid chamber conductively con- 

35 nected with each of liquid paths along each 

heat generating units on said substrate; and 
at least one micropump causing recording liq- 
uid in said common liquid chamber of said 
means for constituting liquid paths to flow com- 

40 pulsorily, 

wherein said micropump being provided with 
second heat generating unit in a given location on 
said substrate, and a rotator rotating by the boiling 
45 of said recording liquid by heat generated by said 
second heat generating unit; 

driving means for supplying electric signals to 
the heat generating units of said liquid jet 
so recording head for generating heat; and 

a mechanism to carry a recording medium to 
cause it to face said liquid jet recording head. 
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(54) Micromachine, liquid jet recording head using such micromachine, and liquid jet recording 
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(57) A micromachine comprises at least one heat 
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substrate (1), means for retaining liquid having a liquid 
retaining portion along the heat generating unit, a rota- 
tor (3) rotatively supported in the liquid retaining portion 
of means for retaining liquid. This rotator is structured to 
rotate by means of the boiling of liquid in the liquid 
retaining portion by heat generated by the heat generat- 
ing unit (1a f 1b,1c). The micromachine, such a microp- 
ump or a micromotor, is incorporated in a liquid jet 
recording head to cause recording liquid to flow compul- 
sorily in order to remove accumulated bubbles in the liq- 
uid paths for the maintenance of good performance of 
the liquid jet recording head at ail times. 
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